Objective. Being classified as outside the normal range for body mass index (BMI) has been associated with increased risk for chronic health conditions, poor health-related quality of life (HRQOL), and premature death. To assess the impact of BMI on HRQOL and mortality, we compared quality-adjusted life expectancy (QALE) by BMI levels.
Being classified as overweight or obese has been associated with an increased risk for a wide range of chronic health conditions, including type 2 diabetes mellitus, heart disease, high cholesterol, hypertension, stroke, and some types of cancer, 1-3 as well as for poor healthrelated quality of life (HRQOL) and disability. 4, 5 Obesity has also been associated with an increased risk for premature death. 6, 7 In one study, 112,000 cardiovascular disease deaths and 14,000 cancer deaths in the United States were attributed to obesity. 6 In addition, a report by the Surgeon General suggested that being classified as overweight was associated with an increased risk for death at a younger age for adults aged 30-64 years. 1 A single health index that quantifies the total burden of disease for both morbidity and mortality for any risk factor or health behavior, including being overweight or obese, has been shown to be helpful. 8, 9 Quality-adjusted life years (QALYs) and quality-adjusted life expectancy (QALE) indices use self-reported preference-based HRQOL items, which assign values for health states from 0 (dead) to 1 (perfect health). 10, 11 Thus, one year of life lived at an HRQOL score of 0.5 would be equal to 0.5 QALYs, the same as only a half year of life lived in perfect health, or an HRQOL score of 1.0. 11 QALE at a specific age is defined and calculated as the sum of QALYs from the age to the end of life. 10, 11 Estimates of losses in QALE associated with specific risk factors have been found to be helpful for assessing the burden of diseases associated with these risk factors and can be used to determine the costeffectiveness of treatments, interventions, and policies that might reduce the impact of these risk factors on health outcomes. [8] [9] [10] [11] [12] Several recent studies have examined the total burden of obesity by calculating the decline in QALE or QALYs for the target population due to the increase in obesity prevalence rates for the population. 13, 14 Stewart and colleagues estimated the decreases in QALE for the U.S. adult population associated with the increases in obesity prevalence from 2005 through 2020. 13 Jia and Lubetkin estimated the state-level obesity-related QALY losses in one year per U.S. adult population from 1993 to 2008. 14 In both studies, the results represented the effects of obesity on QALE or QALYs for the entire U.S. adult population. These studies did not, however, calculate the losses associated with being merely overweight rather than obese, nor did they differentiate the losses associated with being obese from those associated with being severely obese. [13] [14] [15] It would be especially helpful to estimate incremental effects across different body weights on QALE, considering that body weight represents a continuum, ranging from underweight to severely obese. 8, 9 Although sev-eral studies have compared differences in mortality or life expectancy by level of body mass index (BMI), no study has compared differences in the total burden of disease by BMI levels. 6, [16] [17] [18] [19] The primary objective of this study was to compare the difference in QALE by BMI level and estimate QALE loss associated with BMI categories outside the range considered to be healthy among U.S. adults. We calculated QALE by BMI based on the following five categories: underweight, normal weight, overweight, obese, and severely obese.
METHODS
We analyzed 1993-2010 data from the Behavioral Risk Factor Surveillance System (BRFSS), a state-based system of probability surveys of noninstitutionalized civilian U.S. adults. 20, 21 Data included respondents' BMI derived from self-reported estimates of weight and height without shoes, their leisure-time physical activity status (active or inactive) based on whether or not they reported having engaged in any exercise during the preceding 30 days other than as part of their regular job, their self-assessed general health status on a scale ranging from 1 (excellent) to 5 (poor), and the number of days in the preceding 30 days that they reported each of the following: being physically unhealthy, being mentally unhealthy, and having an activity limitation. 22, 23 We used a previously published algorithm to estimate preference-based HRQOL measurements for the EuroQol 5-Dimension scale (EQ-5D). 24, 25 The potential bias in estimates of EQ-5D scores using this method has been estimated to be ,1% relative to using the actual EQ-5D questions 11 and had acceptable validity based on previous research. 11, 14, 15 To estimate QALE, we constructed life tables using age-specific mortality data from the all-cause U.S. National Center for Health Statistics mortality files. 11, 15 We estimated death rates, by sex, race/ethnicity, and age group, by dividing the number of deaths by the population size. Because death rates by the five BMI categories were not available, we used hazard ratios depicting the likelihood of dying among people in the underweight, overweight, obese, and severely obese groups relative to those in the normal-weight group and on the basis of corresponding population proportions. We estimated hazard ratios from the 1997-2004 National Health Interview Survey (NHIS) Linked Mortality Files through December 31, 2006, using the Cox proportional hazards model. 15, 26 We calculated QALE for each of the five BMI-based weight categories by using the estimated EQ-5D scores and life tables. 11, 15 We defined differences in QALE between the normal-weight class and the other four BMI classes as QALE loss. 15 QALE loss quantifies the individual-level health lost due to being underweight, overweight, obese, or severely obese.
We estimated the total burden of disease for being overweight or obese for the entire population, or the "population QALE loss" as a result of being overweight or obese, as the difference in QALE using the same mortality rate and HRQOL scores of the normal-weight group for the obese and overweight groups and the QALE of the entire population. 15 This index quantifies increases in QALE for the target population if all individuals with a BMI $25 kg/m 2 lowered their weight to the normal, healthy BMI range. 13, 15 We calculated QALE by BMI based on the following five categories: underweight (BMI ,18.5 kg/m 2 ), normal weight (BMI 18.5-24.9 kg/m 2 ), overweight (BMI 25.0-29.9 kg/m 2 ), obese (BMI 30.0-34.9 kg/m 2 ), and severely obese (BMI $35.0 kg/m 2 ). We estimated the QALE loss for individuals categorized in one of the four unhealthy groups (i.e., underweight, overweight, obese, or severely obese) as the difference between QALE for those classified within normal-weight BMI and QALE for each of the unhealthy groups. We estimated these values for the overall population, by sex, and for two racial/ethnic subgroups (non-Hispanic white and non-Hispanic black). We also examined the impact of physical activity on QALE independent of BMI by comparing the QALE of physically active individuals vs. physically inactive individuals classified as either overweight or obese. Finally, we examined the trends in QALE associated with being classified as overweight or obese in the United States from 1993 to 2010. We performed data analysis using SAS ® version 9.3. 27 
RESULTS
In 2010, the age-adjusted HRQOL for those who were severely obese was 0.781, which was 0.085 points lower than for those who were normal weight (0.866). Compared with those who were normal weight, the HRQOL was 0.031 points lower for those who were obese, 0.002 points lower for those who were overweight, and 0.060 points lower for those who were underweight. The life expectancy at 18 years of age was 60.6 years for those who were severely obese and 61.3 years for those who were normal weight. This 0.7-year decrease in life expectancy represents the years of life lost to severe obesity. Similarly, the years of life lost for obesity was 0.5 year, for overweight was 0.2 year, and for underweight was 1.0 year (Table) .
The estimated QALE among U.S. adults at 18 years of age was 54.1 years among those who were normal weight and 48.9, 53.7, 51.6, and 48.2 years among those who were underweight, overweight, obese, and severely obese, respectively. In other words, compared with QALE among 18-year-olds of normal weight, the QALE was 5.9 years lower for those who were severely obese, 2.5 years lower for those who were obese, 0.4 year lower for those who were overweight, and 5.2 years lower for those who were underweight (Table) . Because only 1.7% of U.S. adults (1.0% of men and 2.3% of women) were underweight, and many had chronic conditions that likely contributed to their being underweight, we did not report results of the underweight respondents in the remainder of this article; however, data are available upon request. The negative effects of excessive body weight on QALE were much stronger among women than among men. Severe obesity was associated with a 7.6year loss in QALE at 18 years of age among women but only a 3.7-year loss in QALE among men, obesity was associated with a 3.7-year loss in QALE among women but only a 1.4-year loss in QALE among men, and overweight was associated with a 1.4-year loss in QALE among women but a 0.4-year increase in QALE among men. We also observed some differences in QALE loss between non-Hispanic white and non-Hispanic black individuals. The relationship between QALE and body weight was in general slightly stronger among non-Hispanic white than among non-Hispanic black men and women. Among non-Hispanic white men and women, the obesity-associated QALE loss was 2.4 years and the severe obesity-associated QALE loss was 5.9 years; among non-Hispanic black adults, the corresponding obesity-and severe obesity-associated QALE losses were 1.6 and 4.9 years, respectively ( Figure 1) .
With respect to being classified as overweight, the associated QALE losses were the same for both non-Hispanic white and non-Hispanic black adults, with a 0.3-year loss. This difference in the magnitude of the impact of body weights on QALE for the two racial/ ethnic groups carried over to subgroups by sex. In general, the differences of obesity-associated QALE losses between non-Hispanic white and non-Hispanic 
BMI 5 body mass index
Kg/m 2 5 kilograms per meter squared black individuals were much smaller than the differences between men and women.
As might be expected, our analysis of the relationship between physical activity and QALE showed that physically active people had much higher QALE than inactive people in the same weight classes. Among those who were either overweight or obese, the QALE at 18 years of age was 55.0 years for those who were active and 45.7 years for those who were inactive, or a 9.3year gain for being physically active. Among those of normal weight, the QALE was 57.4 years for those who were active and 46.9 years for those who were inactive, or a 10.5-year gain for being physically active ( Figure  2 ). Similar relationships between physical activity status and QALE by weight classification were also observed for both men and women and for non-Hispanic white and non-Hispanic black people.
Finally, we estimated population QALE loss as a result of being overweight or obese from 1993 to 2010 and compared it with trends in the prevalence for overweight and obese individuals during the same time period. The population QALE loss increased from 0.7 year in 1993 to 1.2 years in 2010, including increases during this period from 1.1 years to 1.9 years among women and from 0.1 year to 0.4 year among men, as the prevalence for overweight and obese individuals increased from 49% to 64% (Figure 3 ).
DISCUSSION
We examined the difference in QALE between those of normal BMI and those in other BMI classifications, or the individual QALE loss for having a BMI outside the normal range. Our findings generally found that QALE among U.S. adults was inversely related to BMI classification from normal to severe obesity, overall, by sex, and for the two racial/ethnic subgroups we examined (except for a slightly higher QALE among overweight men than among normal-weight men). QALE is a single index that quantifies the overall health loss associated with morbidity and mortality, and this study is the first to estimate QALE for the U.S. adult population by BMI categories. 13, 14 We found several advantages to using QALE to examine health loss associated with excess weight. For example, we can quantify the incremental adverse health effects with the increasing BMI classifications from normal weight to severe obesity, compare obesity/ overweight-associated health losses in different population subgroups, and compare the burdens of diseases associated with obesity or overweight with other risk factors (e.g., smoking). 11, 15 This analysis provides evidence for clinical decision making and could be used to analyze the burdens of diseases associated with different excessive BMI categories and the cost-effectiveness evaluation of various weight-reduction treatments or interventions. 8, 11, 12 Although women had both a longer life expectancy and a higher QALE than men, their QALE varied substantially more with their BMI classification. The QALE loss to obesity and severe obesity was more than twice as high among women than among men. Moreover, the QALE among overweight men was 0.4 year higher than among normal-weight men, while the QALE among overweight women was 1.4 years lower than among normal-weight women. This difference was because overweight men had nearly the same HRQOL and life expectancy as normal-weight men, whereas overweight women had a substantially lower HRQOL and life expectancy than normal-weight women. One possible explanation is that people's perceptions of their weight status may affect their HRQOL score, and overweight men are less likely to perceive themselves as being overweight and/or being in poor health than are overweight women. 28 Another possible explanation for QALE being more related to BMI-based weight classification among women than among men is that BMI values do not necessarily reflect the amount of excess body fat a person may have or account for differences in build. 29, 30 Part of the differences may be due to the failure of the one-size-fits-all BMI classifications to differentiate between a normal weight for men and a normal weight for women. Estimates of the percentage of men who are normal weight have been found to be lower when based on BMI than when based on other measures, such as body fat percentage. 29 Among people who were overweight or obese, QALE was approximately 9.3 years higher among QALE 5 quality-adjusted life expectancy those who were physically active than among those who were inactive; among people who were normal weight, QALE was approximately 10.5 years higher for those who were physically active vs. inactive. This finding demonstrates that physical activity is positively related to QALE independent of weight, and these 9.3-and 10.5-year gains in QALE for being physically active were substantially higher than the 5.9-year loss in QALE to severe obesity. Clinicians could use these numbers to motivate overweight and obese patients to become more physically active.
Strengths and limitations
Our study had several strengths. First, we analyzed a large representative sample of individuals who responded to the four CDC HRQOL items from the 2010 BRFSS survey to estimate the health preference scores used in this study. Second, we utilized a large sample of individuals who were followed longitudinally from the NHIS (1997 through 2004 cohorts) to obtain reliable death statistics. And third, when we compared the estimated association between HRQOL and BMI from our study with a study using an independent data source, 14 we found the estimates to be similar, adding support for the construct validity of these findings.
This study was also subject to several limitations. First, we used cross-sectional data to estimate the associations between obesity and QALE, and all of the reported associations could be bidirectional and should not be assumed to be causal. Second, we could not adjust for other factors (e.g., waist circumference, socioeconomic status, or social determinants of health) in these analyses, although they may have independent effects on QALE; as such, they could affect the current estimates of the associations between obesity and QALE. 31, 32 Third, the associations among physical fitness, obesity, and QALE could be caused by other unmeasured factors. Fourth, the stationary assumption could not be tested, 33 and we assumed that the relationships among BMI, HRQOL, and mortality in each age interval remained constant over time. 32, 33 Fifth, because BMI is not a measure of body fat, using BMI to classify people's weight status can introduce measurement error. 29, 30 A previous study suggests that such measurement error may have caused us to underestimate the extent to which excess weight was associated with QALE loss. 12 Sixth, because BRFSS data on weight and height are based on self-reports of survey participants, we could not verify the accuracy of these data. One study found that BMI estimates based on self-reported height and weight were likely to be smaller than BMI values based on measured height and weight. 34 Lastly, this study relied on the BRFSS's unhealthy days questions to estimate preference-based HRQOL scores rather than direct measurements of these scores. Estimates of QALE loss would likely be smaller than the true values. 11, 20, 21, 35 However, the underestimation of estimated QALE loss and population QALE loss from these scores has been estimated to be ,2.5% and 7.0% of that using the actual EQ-5D questions. 15 
CONCLUSION
This study quantified the incremental benefits of reducing body weight from severely obese to obese, then to overweight, and finally to normal weight. These findings provide evidence for setting quantitative targets to reduce health risks from being overweight or obese and can be used for the cost-effectiveness evaluation of various weight-reduction treatments or interventions. In addition, the population QALE loss among U.S. adults that was attributable to excess weight increased substantially from 1993 to 2010 along with the combined prevalence of overweight and obesity. Life expectancy has continued to increase in the U.S. population over time despite an increase in the prevalence of both overweight and obesity. 17, 36 We hope that a better understanding of these trends and of the factors associated with population QALE loss to obesity or overweight could help policy makers to more accurately assess the effectiveness of policies and interventions designed to promote physical activity and reduce the prevalence of obesity-related chronic diseases, such as diabetes mellitus, on their target populations.
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